REDUCING CLEARANCE IN A GAS TURBINE 

The invention relates essentially to means for 
reducing clearance between the tips of moving blades and 
the inside surface of the casing of a gas. turbine, in 
5 particular a high pressure turbine for an airplane 
engine . 

In this type of turbine, if is known • to fix 
peripheral stubs to the tips of the blades in order to 
limit radial clearance between the tips of the blades and 

10 a layer of abradable material carried by a ring fixed to 
the casing of the turbine. The stubs may include 
circumferential ribs or wipers which come substantially 
into contact with the abradable material in order to 
provide axial sealing between the casing and the tips of 

15 the moving blades. 

The drawbacks of such peripheral stubs is that they 
form additional mass at the periphery of the turbine 
wheel, which mass is subjected to centrifugal forces in 
operation and leads to problems of mechanical strength 

20 and of vibration behavior in the moving blades. 

Eliminating such stubs requires the above-mentioned 
radial clearance to be reduced on assembly (clearance 
when cold) , with a risk of contact between the tips of 
the blades and the casing in operation and with a 

25 corresponding risk of the turbine being damaged, or else 
it requires clearance to be controlled actively by means 
which are expensive, heavy, and difficult to control. 
Otherwise, the radial clearance between the tips of the 
blades and the casing can be relatively large, which 

30 gives rise to a corresponding degradation in the 
performance of the turbine . 

In addition, this radial clearance can vary locally 
between a minimum value and a maximum value, e.g. due to 
ovalization of the casing, to a difference in heights 

35 between blades, to a lack of concentricity between the 
casing and the turbine wheel, etc. 
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A particular object of the invention is to provide a 
solution to these problems that is simple, satisfactory, 
and of low cost . 

To this end, the invention provides a gas turbine, 
5 in particular for an airplane engine, the turbine 

comprising a wheel mounted to rotate in a casing and 
carrying blades whose tips are at a small radial distance 
from an inside surface of the casing, and means for 
reducing clearance between the tips of the blades and the 
10 inside surface of the casing, the turbine being 

characterized in that the means for reducing clearance 
comprise stubs mounted in radially slidable manner to the 
tips of the blades and guided in an annular groove of the 
casing . 

15 In the turbine of the invention, when the turbine 

wheel is set into rotation, the stubs are automatically 
urged towards the inside surface of the casing by 
centrifugal forces without it being necessary to exert 
any force on the blades of the wheel. This avoids the 

2 0 mechanical vibration problems encountered in turbines 
having moving blades fitted with stationary peripheral 
stubs, and the performance of the turbine is improved by 
eliminating radial clearance between the tips of the 
blades and the inside surface of the casing. 

2 5 According to another characteristic of the 

invention, the stubs are made of a material that is 
lightweight and withstands wear and high temperatures, 
which material is preferably a ceramic. 

This ensures that axial sealing between the tips of 

3 0 the blades and the inside wall of the casing is 

maintained over time, and that the performance of the 
turbine is maintained over time. 

According to yet another characteristic of the 
invention, each of the above-mentioned stubs includes a 
35 curved plate for extending along the inside surface of 
the casing. 
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The curved plate has a surface above the surface of 
the blade tip on which it is mounted, thereby further 
improving the above-mentioned axial sealing between the 
tips of the blades and the inside surface of the casing. 
5 Advantageously, at least two circumferential 

parallel ribs forming wipers are presented by the face of 
said plate that faces towards the inside face of the 
casing . 

These wipers further reduce the air flow section 
10 between the tips of the blades and the inside surface of 
the casing. 

In a first embodiment of the invention, each above- 
mentioned stub is engaged at least in part in a bathtub 
formed in the tip of the blade. 
15 In which case, the stub advantageously co-operates 

with the walls of the bathtub to define cooling air flow 
passages which are fed from channels that open out into 
the bottom of the bathtub via de-dusting orifices. 

In another embodiment of the invention, applicable 

2 0 when the blades do not have bathtubs at their tips, each 

above-mentioned stub is engaged on the tip of the blade. 

The invention is applicable to turbines whose casing 
inside surfaces define streams of constant cylindrical 
section or of diverging cylindrical section - 

25 The invention will be better understood and other 

characteristics, details, and advantages thereof will 
appear more clearly on reading the following description 
made by way of example and given with reference to the 
accompanying drawings, in which: 

30 - Figure 1 is a fragmentary diagrammatic axial 

section view showing the radial clearance between the tip 
of a moving blade and the inside cylindrical surface of a 
turbine casing; 

- Figure 2 is a plan view of the tip of the Figure 1 

3 5 blade; 

- Figure 3 is a fragmentary diagrammatic axial 
section view of a first embodiment of the invention; 
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- Figure 4 is a plan view of the tip of the Figure 3 
blade ; 

- Figure 5 is a fragmentary diagrammatic axial 
section view on a larger scale of the tip of the blade of 

5 Figures 3 and 4 ; and 

- Figure 6 is a fragmentary diagrammatic axial 
section view of a variant embodiment of the invention. 

Reference is made initially to Figures 1 and 2 which 
are diagrams showing the art prior to the present 

10 invention, with reference 10 designating a blade of a 
high pressure turbine wheel mounted to rotate about an 
axis 12 in a casing 14 comprising a stationary metal ring 
16 surrounding the turbine wheel and having an inside 
cylindrical surface covered in a layer 18 of an abradable 

15 material of a type that is well known in the art. 

The tip of the blade 10 is situated at a very small 
distance from the layer 18 of abradable material and it 
includes a cavity referred to as a "bathtub" in the art, 
with the bottom of the cavity including de-dusting 

20 orifices 22 constituting outlets for cooling air flow 
ducts that are formed in the blade 10. 

As mentioned above, the radial clearance 24 between 
the tip of the blade 10 and the layer 18 of abradable 
material that forms the inside surface of the casing must 

25 be as small as possible in order to avoid any 

deterioration in the performance of the turbine. 

For this purpose, and as shown in Figures 3 to 5, 
the invention proposes mounting a peripheral stub 26 that 
is radially slidable at the tip of the blade 10, the 

3 0 peripheral stub 2 6 being partially inserted or received 
in the bathtub 20 at the tip of the blade 10. 

In the embodiment shown in Figures 3 to 5, the stub 
26 has a radially inner portion 28 inserted in the 
bathtub 20 of the base 10 and a radially outer portion 30 

35 in the form of a plate that is curved to constitute a 
portion of a cylinder and of outline in the form of a 
parallelogram as can be seen in Figure 4, which extends 
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along the layer 18 of abradable material at a very small 
distance therefrom, and which presents an area in the 
plane of Figure 4 that is significantly greater than the 
area of the portion 28 that is inserted in the bathtub 
5 20 . 

The radially outer face of the plate 30 is formed to 
have circumferential parallel ribs 32, e.g. two such ribs 
as shown, with the tips of the ribs being in contact with 
the layer 18 of abradable material and co-operating 
10 therewith to form a labyrinth seal to prevent any flow of 
air in the axial direction between the plate 3 0 and the 
layer 18 of abradable material while the turbine is in 
operation . 

The stub 2 6 mounted at the end of the blade 10 is 
15 received in part and is guided in an annular groove 34 in 
the ring 16, with the layer 18 of abradable material 
being disposed in the bottom thereof. This configuration 
holds the stub 3 0 in place at the end of the blade 10 
both axially and radially. 
20 The stubs 26 are preferably made of a material that 

is lightweight and that withstands wear, and that also 
withstands high temperatures, said material being, in 
particular, a ceramic. 

In operation, the stubs 2 6 are rotated about the 

2 5 axis of the turbine together with the blades 10 and they 

are subjected to centrifugal forces which press them 
against the layer 18 of abradable material. 

The pressure of the tips of the ribs 32 against the 
layer 18 leads to elimination of the radial clearance for 

3 0 passing air in an axial direction between the tips of the 

blades 10 and the inside surface of the casing, thereby 
increasing the performance of the turbine. This pressure 
of the stubs 2 6 against the layer 18 leads to no extra 
force on the blades 10. 
3 5 Furthermore, the sliding mount of the stubs 2 6 on 

the tips of the blades automatically accommodates 
geometrical defects of the blades and of the ring, e.g. 
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due to the casing being ovalized, to differences in 
height between the blades, to the casing being disposed 
eccentrically, to the turbine wheel being disposed 

eccentrically, etc 

5 As shown in Figure 5, the air for cooling the blade 

10 which escapes via the de-dusting orifices formed in 
the bottom of the bathtub 20 flows along passages that 
are formed between the stubs 26 and the side walls 36 of 
the bathtub thus contributing to cooling said walls. 

10 In the variant embodiment of Figure 6, the tip of 

the blade 10 does not include a bathtub, in which case 
the peripheral stub 2 6 is engaged on the tip of the blade 
10, e.g. being fitted as a cap on a peripheral rib 3 8 at 
the tip of the blade. 

15 As before, the stub 26 has wipers 32 on its radially 

outer face and it is guided and retained in an annular 
groove 34 of the ring 14 . 

In a variant, the means for inserting or engaging 
stubs 26 on the tips of the blades 10 are dimensioned and 

2 0 shaped in a manner suitable on their own for avoiding any 
risk of the stub becoming disengaged. Under such 
circumstances, the annular grooves 34 formed in the 
inside surface of the casing provide an additional 
. guarantee that the stubs will be retained, and could 

25 optionally be omitted. 

The plates 30 forming the radially outer portions of 
the stubs 2 6 may occupy a greater or lesser extent 
relative to the dimensions of the tips of the blades 10, 
and where necessary the plates 30 could include 

30 reinforcement, e.g. made of metal, for stiffening 
purposes . 

For mounting purposes, the stubs 2 6 may be held on 
the tips of the blades by adhesive or by a tie such as a 
hoop or a band surrounding the stubs 2 6 and the ring of 
35 blades. 



